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FOREWORD

The purpose of this report is to present the
results of a research and devel opnent program
whi ch was initiated by the members of the Ship
Production Committee of the Society of Naval
Architects and Marine Engineers and financed
largely by government funds through a cost-sharing
contract between the U S. Maritime Admnistration
and Bethl ehem Steel Corporation. The effort of
this project was directed to the devel opnent of
i nproved methods and hardware applicable to
shipyard welding in the United States.

M. w. c. Brayton and M. F. X. Wlfong of
Bet hel hem Steel Corporation were Prcgram Managers,
M. T. E Bahlow of Ofshore Power Systens was
Project Manger, and M. A W Johnson of Ofshore
Power System was the Principal Investigator.

Speci al acknow edgement is made to the menbers of
Vel ding Panel SP-7 of the SNAME Ship Production
Comm ttee the served as techncal advisors in the
preparation of inquiries and evaluation of
subcontract proposals.
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ABSTRACT

Representative self-shielded flux cored wires were
evaluated to determne their chemcal, nechanical
and toughness properties over a range of heat
inputs, their operator appeal in an optinum param
etric node and their rates of deposition in
conparison with [ow hydrogen, iron powder conven-
tional electrodes. During the course of evalua-
tion, a screening phase was conducted to establish
the self-shielded flux cored wires of supsrior
mechani cal / t oughness properties and operator
appeal . For the superior filler materials, a nmore
ext ensive nechanical and toughness eval uation was
conducted. For all wires evaluated, chemical and
mechani cal properties in general were satsifac-
tory. Several wires were additionally found to
exhi bit excellent toughness properties at both
upper and |ower shelf regions. Cperator appeal for
certain self-shielded wires was found prom sing
germane to shipbuilding adaptability. Deposition
rates of the self-shielded famly of wires was
found to be extremely attractive froma cost
effective stand point as conpared wth conven-
tional electrodes. Recommendations for future
eval uations were presented.
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1.0

2.0

SELF- SH ELDED FLUX CORED W RE EVLUATI ON

| NTRODUCTI ON

Sel f-shielded flux cored welding potentially offers many advantages
and econonic benefits to the shipbuilding I ndustry. Productivity and
overal | cost effectiveness can be enhanced by a process that emulates
the characteristics of traditional shielded netal-arc welding (SMAW.

BACKGROUND

SMAW is characterized by its sinplicity, versatility, and flexibility
and as a result has found a vast acceptance in the shipbuilding
i ndustry. SMAW like all welding processes however, is not utopian
and has certain cost effective shortcomngs relative to productivity.
As a neans of affording inproved productivity measures such as
increases in arc time and deposition rates, manufacturers for some
time have researched and produced various wireformulations for the
self-shielded flux cored welding (FCAW process that enulates SVMAW

In the early years of wire devel opment, self-shielded flux-core
wel ding was viewed as an unattractive option in applications re-
quiring high quality production welds. The majority of welding
engi neers perhaps associ ated the nany problens of these wires with
the way in which the product was produced by the manufacturers. The
manufacturers realized their products had pitfalls, as evidenced by
their assurances to the welding industry that yet another fornulation
woul d soon be avilable. Today, however, the tide has reversed to the
extent that certain manufacturers boast of the state-of-the-art weld
quality levels achievable with self-shielded flux cored wires. If
adaptive in a shipbuilding environnent, the potential benefits of a
self-shielded flux-cored wire process which increases productivity
while mnimzing the noisture pick-up problens of |ow hydrogen
el ectrodes are quite obvious.



3.0

4.0

PROJECT OBJECTI VES

The primary objectives of this project are to evaluate the state-of-
the art adaptability of gasless flux cored wire to the shipyard
environment, and to evaluate the deposited weld metal nechanical and
toughness properties.

A secondary project objective is to provide a neasure of process cost
effective evaluation via a deposition rate conparison between gasless
flux cored wires and E7018 electrodes in the flat and vertical
posi tions.

EVALUATI ON PLAN

To achieve the project objectives, a manufacturers literature survey
was conducted to select six (6) comercially available self-shielded
flux cored wires. The survey attenpted to select a representative
nunber of manufacturers and those candidate wires potentially

attractive froma user’s adaptive and a wre mechanical/toughness

property viewpoint. The survey revealed that only two manufacturers
publ i shed notch toughness data on but a few of their products and two
other major suppliers withdrew their gasless wires from the market.
Additional wire manufacturers offered that notch toughness properties
for their self-shielded wire(s) would be expectedly low  Fromthe
survey, the following wires were felt to be representative and were
selected for evaluation:

0 Airco Selfshield 4, 3/32", E70T-4, DCRP
A new flat position product for the user concerned primarily with
high deposition rates; no notch toughness properties are adver-
tised for this product.

0 Hobart Fabshield 8, 3/32", E70T-G ZCSP
An all position wire with notch toughness properties advertised.




0 Hobart Fabshield 8Ni, 3/32", E70T-G DCSP
An all position electrode containing 2% nickel wth good notch
toughness properties typically reported.

o Lincoln NR302, 3/32", E70T-G DCRP
A high deposition rate flat position wire with notch toughness
data typically reported.

o Lincoln NR203M 3/32", E/0T-G DCSP
An all position wire with excellent notch toughness data typically
report ed.

0 Lincoln NR203Ni, 3/32", E70T-G DCSP
An all position electrode producing a 1% nickel deposit wth ex-
cel lent notch toughness properties advertised by the manufacturer.

The base material selected for this evaluation programwas 3/4" ASTM
A-36 plate with 3/8" ASTM A-36 backi ng. As only weld centerline
properties were planned for investigation, actual base material
nechani cal and chem cal properties were considered non-essential and
were therefore not eval uated.

Following wire selection, a program as displayed in|Figures 1{and

| A | was devel oped for conprehensive wire evaluation. The eval uation

plan categorized the project into the follow ng distinct phases:

0 PHASE | - A screening phase to identify those wires of superior
performance germane to operator appeal and toughness property
characteristics.

o PHASE Il - A final evaluation phase to develop full mechanical
and toughness property data for the superior Phase | wires over a
range of heat inputs.
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4.1

4.2

o PHASE Il - A deposition rate conparison between all position and
flat position self-shielded flux cored wires and E7018 | ow
hydrogen el ectrodes.

PHASE |

The Phase | evaluation plan was devel oped to provide an initial
screening of those self-shielded flux cored wires that appeared to
of fer the maxinum potential for shipbuilding usage from an operator
appeal , mechanical property and toughness property standpoint. It
was felt that by inposing a constant wel ding condition of |ow heat

Input and arc paraneters in accordance with manufacturers recomm
endations that a uniformconparison of all six (6) Phase | wres

could be made.

The evaluation plan for each of the Phase | self-shielded flux cored
wires was structured to evaluate the followng specific attributes:

0 Adaptability

0 Qperator Appeal

0 Deposited Chemstry

o All-Weld-Mtal Tensile Properties
Charpy V-Notch (CVN) Properties
Dynam ¢ Tear (DT) Properties
Drop Weight (DW NDTT Properties

o O o

PHASE ||

The Phase Il evaluation plan was established to provide a basis for
an in-depth analysis of the nost premsing self-shielded flux cored
wires as determned by Phase | evaluation. The Phase Il program was
structured to provide a detailed measure of deposited wire properties
over a range of operating heat inputs and test tenperatures. |t was
additionally anticipated that by mnimzing the nunber of controlled
wel d process variables throughout Phase Il, a maxi mum nunber of data
conclusions could be realized.




4.3

5.0

5.1

The following attributes were established for Phase Il evaluations:

Deposited Chem stry
All-\Weld-Metal Tensile Properties
Charpy V-Notch (CVN) Properties
Dynam c Tear (DT) Properties
Drop Weight (DW NDTT Properties
Veld Metal Mcrostructure

o O O o o o

PHASE |11

In the interest of productivity, Phase IIl was established to provide
a conparison between the deposition rates of self-shielded flux cored
wires and | ow hydrogen E7018 electrodes. An all position DCSP wire
(Lincoln NR203M and a flat position DCRP wire (Lincoln NR 302) were
selected to provide this conparative neasure.

PHASE | EVALUATI ON PROCEDURE & TEST RESULTS

EVALUATI ON PROCEDURE (PHASE 1)

The execution of Phase | was initiated with the procurement of 3/4
ASTM A-36 carbon steel base material. The A-36 material was prepared
by flame cutting into multiple 5 X 30" test plates with “feather
edge” 30° bevel angles to CONfOrmto the backing strap joint shown in

Figure A To produce the required nunber of mechanical test
specimens, three (3) 30" T T -
weldment assemblies were

3p0
prepared for each wire —-.3/3.-# )
evaluation test group in —\ :
accordance with|Figure 2. 314 A- 36 PLATE \ /

Each weld joint, adjacent

L
area, and backing strap was [—
shot-blasted prior to assem JOINT CEOMETRY FIG. A
bly for welding.
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Al test assenblies were tack wel ded, strong backed and welded in the
flat position. The 60° single-vee backing strap joint was selected
to provide sufficient joint cross-section for subsequent all-weld
netal . evaluation. All weldirg was conducted via side beam carriage
operation with a constant voltage (CV) power supply to enable

el ectrode stick-out, arc voltage, anperage, travel speed” and result-
ant heat input to be maintained constant throughout each given test
group. Al'l test assenblies were welded with a 30° lead angle
techni que at 35,000 joules/inch. Specific parameters for each Phase
| wire evaluated are given in|Table 1.

Fol | owi ng wel ding, each Phase | wire test group was subjected to the
followng testing criteria:

o Nondestructive Testing - Each weldnent received 100% radi ographic

and. visual exam nation in accordance with ASME Section |11,
Section VIII, and ANSI B31. 1 requirenents.

0 Chemcal Analysis - Four layer chemcal analysis pads for each
wire were made in the flat position. The undiluted deposited weld
metal results were obtained by averaging three burns with a
Baird-Atomc Spectrovac |1, Mdel SM1.

0 Mechanical Properties - For testing purposes, two .505 all weld
metal tensile specimens were prepared in accordance with ASME
Section I'X, Part Qw-462.1(d). Testing was performed in accordance
with AYTM E8 with tensile and yield strength, percent elongation,
and percent reduction of area reported. This testing was performed
with a Satec 400 WHVP tensile machine with a capacity of 400,000
| bs. An extensoneter Mdel PS5M was used in conjunction with this
appar at us.

0 Notch Toughness Properties - Chary V-notch (CVN) and dynamc tear
(UT) tests were performed and full tenperature range transition
data were developed. A total of twenty-one (21) specinens were
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eval uated at seven (7)tenperatures from+ OOF to -|OQO°F for both
toughness tests.  ASTM E23 conformance was used in testing CWN
specimens using Timus Osen Mdel 64 equipment. A Dynatup Mbdel
800D was used for DT specimens in accordance with ASTM “Proposed
Method for 5/8" Dynamc Tear Test of Metallic Materials”.
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0 Nil Ductibility Transi ti on Tenperature (NDTT) - For each of the
gasless flux cord wres evaluated in Phase |, drop weight (DN
testing was enployed to establish the deposited wel dnetal NDTT.
These specimens were prepard and tested followng the guidelines
set forth in ASTM 114 E208 using satec Mdel DW30 equipnent.

J_ 0.062" MAX

WELD BEAD

L— 0.07-0.08"
BASE METAL
3
l-CRACK STARTER WELD 1

d ! 0.50" 2"
!‘ 2’511 A': I ~
' 0 o L

5

erN. CLEAN UP
1 )
0.625

DROP WEIGHT SPECIMEN AND LOCATION FIG.D

o Metallography -A specinmen from each Phase | test group was
prepared for macrophotography.

5.2  TEST RESULIS AND DI SCUSSI ON OF DATA (PHASE 1)
5.2.1 Chem cal and Mechani cal / Toughness Properties

The chem cal and mechanical Phase | test results are dis-
pl ayed in| Tables 3|and respectively. Not ch toughness

-11-



results for Charpy V-Notch (cv), dynanmic tear (DT) and drop
weight (DW testing are given in|Table 5. The notch
toughness data is additionally displayed graphically in

Figures 3 throughfor CV and in|Figures 9 through| 14 (for

DT.

As previously noted, the self-shielded flux cored wres
evaluated in Phase | are inherently quite different. The
- Airco Selfshield 4, for example, is classified as an AWS
E70T-4 reverse polarity wireand requires a long electrical
stick-out to obtain optimun arc transfer. The remaining
five (5 wres are all classified E/0T-G with an unspe-
cified range of deposited weld chemstry. O these E70T-G
wires, only the Lincoln NR302 is a reverse polarity type
and requires a short electrical sitck-out for optinmum
operation. In conmparing the two reverse polarity wres;
Selfshield 4 and NR302, the Airco wire was found to produce
a deposited chemstry of very high carbon and very |ow
manganese content. The carbon equivalent (CE) of the Airco
product was observed to be slightly higher than that of the
Lincol n NR302. Predictably, as shown in|Table 5(and also in

Figures 3,|_6,_| El and|[12,| in conparison, the NR302 exhi bited

superior notch toughness properties.

Hobart Fabshield 8 and Lincoln NR203M are straight polarity
(DCSP) wires of very simlar operating paraneters. In
chem cal comparison, however, the Fabshield 8 deposit
contained nearly double the carbon and manganese |evels
found with NR203M As expected, the tensile and yield
properties of Fabshield 8 were observed to be substantially
hi gher than those of NR203M while el ongation and reduction
of area were observed to be lower.  The notch toughness
properties displayed in Table 5|and in|Figures 4 10,
and| 13 |clearly show the NR302 toughness superiority, par-
titularly at upper shelf regions.

-12-




5.2.2

The remaining two (2) E70T-G straight plarity (DCSP)
self-shielded flux cored wires of Phase | are nicke
additive. Hobart Fabshield 8N and Lincoln NR203N di spl ay
canparabl e carbon equival ent values but contain 2% and 1%
nom nal nickel respectively. Fabshiel d 8N yiel ded
superior tensile and yield properties but |ower elongation
and reduction of area. As indicated in|TabIe 5|and in
acconpanyi ng| Fi gures 5" 8| 11, | and |14, | NR203Ni exhibited
superior CV performance but very conparable DT and NDIT
val ues. These nickel additive wires, as expected, ex-
hi bited superior |ower shelf region notch toughness
properties.

Adaptability and Operator Appeal (Phase 1)

The results of the adaptability and operator appeal eval-
uation for Phase | wires are given in|Table 2. The overal
subjective wire ratings were found to range fromfair to
good with various wires warranting high marks in severa
rating categories.

As delineated in| Table 2,| the operator appeal evaluation
rated numerous Phase | wire attributes either poor (1.0),
fair (2.0), good (3.0) or excellent (4.0). Froma com
posite rating for each wire, the test resultsin order of
decreasing superiority are:

0 Lincol n NR203M (3.3)

0 Lincoln NR203Ni (3.0

0 Airco Selfshield 4 (2.9)

0 Hobart Fabshield 8N (2.5)
0 Lincoln NR302 (2.3)

0 Hobart Fabshield 8 (2.1)

-13-



5.2.3

The operator appeal evaluation is an attenpt to provide
some subjective measure of how self-shielded wres poten-
tially may be adapted to a shipbuilding environnent. The
eval uation indicates that there are wires on the market
that exhibit good operating performance and therefore offer
adaptability potential.

Sunmation of Results (Phase I)

In analyzing the overall mechanical properties, notch
t oughness properties and operator appeal results of Phase
I, several wires exhibited superior performance. The
Lincol n NR203M and NR203Ni wires were found to display high
operator appeal and excellent notch toughness properties
over a wde range of test tenperatures, particularly at
upper shel f regions. The Hobart Fabshield 8N and the
Lincol n NR302 wires exhibited good mechanical property
results with satisfactory toughness and operator appeal.

The Hobart Fabshield 8, although yielding good mechani cal

property results, fell short in both toughness and operator
appeal. The Airco Shelfshield 4, a wire of good operator

appeal, was inferior from a toughness standpoint.

In a conposite review of all Phase | test results, consid-
ering mechanical properties, notch toughness properties and
operator appeal, the follow ng wireswere selected for
further in-depth Phase Il evaluation.

0 Lincoln NR203M

0 Lincoln NR203N

0 Hobart Fabshield 8N
oLincol n NR302
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6.0 PHASE || EVALUATION PRCEDURE AND TEST RESULTS

6.1 EVALUATI ON PROCEDURE (PHASE I1)

The criteria for the execution of Phase Il evaluation was identical
to thatof Phase | in nost respects. ASTM A-36 base material pre-
pared to a “feather edge”, backing strap configuration was enployed
for allweld test assenblies ([Figure A). Al welding was conducted
in the flat position via side beam carriage operation with a constant

vol tage (CV) powersupply.

The notabl e procedural difference between Phase |l and phase | was
heat input. To provide a neasure of weld metal performance and
property variation as a function of heat input, each Phase Il wre
was wel ded and evaluated at 50, 65, and 80 kil ojoules/inch. Progres-
sive increases in heat input were obtained by varying only the trave
speed paraneter for each wire. It was felt that by hol ding anperage
and arc voltage essentially constant throughout Phase IIl, resultant
chemstry variations would be mnimzed and a maxi num nunber of data
correlations would be possible. The paranetric variables used in
Phase Il evaluation are given in|Table 6.

Fol | owi ng wel ding, all test assenblies were radiographed to assure
soundness.  Chem cal analysis was conducted from a 65,000 joules/inch
test plate in accordance with the procedure enployed in Phase I.
Mechanical testing and notch toughness testing procedures in Phase |
were identical to those enployed in Phase I. Metallographic analysis
of Phase Il wires received greater attention and was directed at
providing correlation of mcrostructure, mcrostructure and mcro-
hardness, to fracture toughness

As an additional means of evaluation, CUN and DT specinens tested at
OF were transversely sectioned imediately behind the fractured
surface. These new speci mens were subsequently polished and etched
for macrophotographs, mcrostructure and m crohardness eval uation.
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6.2

The gasless flux cored wires selected for this evaluation and the
respective heat inputs enployed are “listed bel ow

0 Lincoln NR 203M CVN speci mens wel ded at 50, 65 and 80 K joul es/
i nch.

0 Lincoln NR 203M DT speci mens wel ded at 50, 65 and 80 K joul es/
i nch.

0 Hobard 8 Ni, Lincoln NR 203 Ni, and Lincoln NR 302 CVN speci nens
wel ded at 65 kilojoul es/inch.

TEST RESULTS AND DI SCUSSI ON OF DATA (PHASE I1)
6.2.1 Deposited Chemistry (Phase I1)
The as-deposited weld metal chemstry results are given in

Table 7. In conparison with the results of Phase I, no
appreciable chemstry differentials were observed.

6.2.2 Mechani cal Properties (Phase II)

The Phase Il all-weld-nmetal nechanical property results are

summari zed in|Table 8. Fromthe table, the follow ng
general correlation trend (with some exception) was
observed

0 As heat input increased
0 Tensile strength decreased
0 Yield strength decreased
0 Yield/ Tensile ratio remained unchanged
0 Ductility increased

The apparent tensile and yield decreases and ductility
increases with increasing heat input is presumed to be the
result of varying degrees of mcrostructural grain growh
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6.2.3

and refinement induced by repetitive heating and cooling
cycl es. In the case of one wire, Lincoln NR203M the
tensile strength obtained at the higher heat inputs of 65
and 80 kilo-joules/inch fell below 72,000 psi

Not ch Toughness Properties (Phase II)

The notch toughness CV, DT and DWresults of Phase Il are

given in|Table 9|and graphically presented in|Figures 15

through 38. A considerable amount of notch toughness data
was generated from the testing of weldments made from the
four Phase Il flux cored wires. Attenpts to find corre-
| ations between CV and DT data were, however, unsuccessf ul
when the different wires were conpared. The unsuccessful
correlation of CV and DT data led to an adjunct eval uation
program to establish a larger notch toughness data base and
validation of prior Phase Il results. Lincoln NR203M was
selected as the validation test wire and three (3) test
pl at es wererun at 65,000 j oul es/ i nch. Fol I owi ng radi-
ography, 40 CV, 21 and 5 DWspeci mens were machi ned and
tested. The results of this validation are displayed in
graphi ¢ conparison with the NR203M origi nal Phase II

results in|Figures 39/and|40.|As delineated in|Figure 39

tecvdata of the validation test was found to represent
an entirely different population than that originally

established in Phase Il. The DI and DWdata, as shown in

Figure 40, however, was found to be very conparable.

In analysis of the phase Il notch toughness results of

Tabl e 9 |and|Figures 15 |through| 38, although CV and DT

correlations were not apparent, inpact values for the
Lincoln NR203M and NR203Ni were excellent at the 50, 65 and
80 kilojoule/inch heat inputs. For both CV and DT these
wires exhibited superior upper shelf, md-energy and | ower
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6.2.4

shelf properties. The NR203Ni, with 1% nomi nal nickel dis-
played a slightly lower DWnil-ductility transition
tenperature (NDTT), but in no instance fell above -60°F.

The Lincoln NR302 and Hobart Fabshield 8N displ ayed
significantly Iower CV and DT notch toughness properties
than the Lincoln NR203M and NR203Ni W res. The NDTT,
however, renmined substantially low (-40°F to -60°F) for
both wires with the-exception of NR302 at 50 kil ojoul es/
inch (O°F).

A consistent trend to establish the effect of heat input
fluctuation on notch toughness properties was not apparent.
In most instances, however, a decrease in inpact val ues was
observed in progressing from heat inputs of 65 to 80
kil oj oul es/inch.

Met al | ographic Analysis (Phase 11)

For netall ographic evaluation, the test group listed bel ow
was representatively selected from fractured, parallel
sectioned and polished/etched CV and DT specimens of Phase
[,

0 Lincoln NR203M CVN and DT. at 50 kil ojoul es/inch.
0 Lincoln NR203M CVN and DT at 65 kilojoul es/inch.
0 Lincoln NR203M CVN and DT at 80 kil ojoul es/inch.
0 Hobart Fabshield 8N CVN at 65 kil ojoul es/inch.
0 Lincoln NR302 CVN at 65 kil ojoules/inch.

0 Lincoln NR203Ni CVN at 65 kil ojoul es/inch.

The results of metall ographic analysis are displayed by
macr ophot ographs and correspondi ng mcrohardness graphs in

figures 41f through|49.| In table formon each figure |isted
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above is data for conparative purposes that contains the
foll owi ng information:

0 Actual mechanical results from Phase Il tensile speci-
mens showing tensile, yield, %elongation, and %
reduction of area.

0 Hardness traverse across the face of the actual Wld
macro show ng Rockwel| 15T average values and the
corresponding tensile value.

0 Hardness traverse across the pictured specinen showi ng
average knoop and Rockwel| 15T hardness val ues with
corresponding tensile value.

0 Actual toughness values in ft/Ibs of specinens tested at
COF.

The m crophot ographs show substantial differentials in
hardness associated with the layered or banded strata
resulting from cyclic thermal heating and cooling. Because
of the process dynamcs, the variations in thermal cycles,

and differences in the final locations of the original test

speci nens taken from the wel dnment, the macro and corre-
spending mcrostructures varied consi derably. The observed
variations ranged from coarse and dendritic in as-wel ded
final pass regions to recrystallized in internediate and
root pass regions to refined in intermediate and root pass
regions subjected to nultiple heating and cooling cycles.

Exanpl es of these structures are shown in|figure 50{ These
m crophot ographs are taken from a macro specinen from
Lincoln NR203M wel ded at 65 kil ojoul es/inch.

In reviewing the macrostructures, mcrostructures and their
corresponding hardness data, the followng general correla-
tion trends were observed
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7.0

7.1

7.2

0 As grain size increases, hardness also increases,
suggesting a corresponding decrease in ductility and
t oughness.

0 In progressing fromweld root to weld face, increases in

har dness suggest an increase in tensile strength and a
corresponding decrease in ductility and toughness.

PHASE |11 EVALUATI ON PROCEDURE AND TEST RESULTS

EVALUATI ON PROCEDURES (PHASE 111)

Phase |11, a deposition rate conparative evaluation, was initiated by
preparing and weighing A-36 plate material. Four dianeters of E7018
el ectrodes (3/32", 1/8", 5/32" and 3/16") were welded in a bead-on-
plate, flat position application for thirty seconds. The plates were
rewei ghed and the resultant deposition rate in pounds/hour was
calculated. To develop a deposition rate range, each electrode was
run at various anperages within the manufacturers recomended m ni num
and maxi num anperage. Appropriate dianmeters of E7018 el ectrode di am
eters were additionally run in the vertical position at various
anperages to establish an optinum vertical-up range.

For conparative purposes, Lincoln NR203M an all position DCSP wire,
was selected for deposition rate evaluation. Two dianeters, 5/64"
and 3/32", were evaluted in the sane manner as that enployed for the
SPAW el ect r odes. Lincol n NR302, a high deposition, flat position
wire, was also run to establish an additional deposition rate
conparative neasure.

TEST RESULTS AND DI SCUSSI ON OF DATA (PHASE I11)

The results of this study are presented graphically in|figures 51)|52

and[53.[ Figure 51 shows the conparisons of three (3) dianeters of
E7018 el ectrodes and two (2) diameters of all position (DCSP) gasless
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flux cored wires run in the flat position. This information is

di splayed for vertical welding in|Figure 52| |Figure 53| displays the
deposition rates for SMAW el ectrodes, DCSP and DCRP (high deposition)

gasless flux cored wires for conparative purpses.

The solid line in each graph depicts the tested range for each group
or wire. The boxed portion of the line represents a suitable para-
netric range for each size and type as noted for flat and vertica
wel ding.  The dashed line displays the optinum anperage and corre-
spending deposition rate as observed during actual welding

A quick method for conparing electrodes, wres, and processes
consists of reviewng the individual deposition rate data. For
exanple, in vertical butt welding, a welder using an 1/8" E7018
el ectrode at 115 anps woul d deposit about 2.4 |bs/hr. Wth an
operator factor of 25% a net deposition rate of .6 Ibs/hr would be
expect ed. In using the gasless flux cored process with an all
position wire for vertical welding,| Figure 52|indicates that for a
5/ 64" diameter wire at 225 anps, a deposition rate of 4.25 |bs/hr
woul d be anticipated. Wth an increase of only 10% operator duty
factor to 35% the net deposition rate would be approximately 1.5
| b/ hr, representing a 150% increase in deposited netal. Even nore
I npressive results are found by conparing the same diameter wire in
the flat position at higher amerages.

The above illustrative exanple is given for conparative information
only and net deposition rates will expectedly vary by individua
facility and welding personnel capabilities. The exanple was used,
however, to illustrate the attractive cost effective potential of
self-shielded flux cored wires and to show a single diameter self-
shielded wire could be used to potentially

0 Mnimze the procurred and inventoried nmultiple dianeters of SMAW

el ectrodes.
0 Increase the operating factor.
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8.0

8.1

0 Increase deposition rates.
0 Increase travel speeds.

CONCLUSI ONS

Fromthe data collected as applied to the scope of this self-shielded
flux core wire evaluation program the follow ng general conclusions

are drawn.

CHEM CAL, MECHANI CAL AND TOUGHNESS PROPERTI ES

8.1.1

8.1.2

Chemical -Thew res evaluated are classified as either
E70T-4 or E70T-G and deposited chemstry is therefore
predom nantly controlled not by specifications but by the

manuf acturer. Wthin the scope of this evaluation, it i

concluded that the majority of wires tested yield favorable
deposited wire chemstries. The Airco S-4 and the Hobart
Fabshiel d 8 chem stries, however, appeared unfavorable from
a carbon and manganese |evel standpoint. The S-4 wire with
. 221 deposited carbon and the Fabshield 8 wire with .149
carbon and 2.254 manganese appeared undesirable for any
application requiring mniml toughness properties.

Mechancial Properties - The self-shielded wires tested
exhi bited good nechanical properties. Cbserved variations
in deposited chemstry fromwire to wire predictably
yiel ded varations in tensile, yield, elongation and
reduction of area. Wthin the [imted population of this
evaluation, the data revealed a general tensile and yield
strength decrease at elevated heat input |evels. Fromthe
data it is concluded that a mninumtensile of 72KSl and
yield of 60 KSI would not consistently be achieved with the
E70T-Gwire famly at elevated heat inputs.
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8.1.3 Toughness Properties - Wthin the scope of this program it

was found that certain of the self-shielded flux cored
wires evaluated exhibit excellent toughness properties as

neasured by charpy, dynamc tear and drop weight testing
Extremely high upper shelf charpy and dynamic tear proper-
ties were exhibited by the Lincoln NR2O3Ni and NR203M
wires. At lower shelf regions, the charpy, dynamc tear and
drop weight data at variable heat inputs were found to be
widely varied and without correlation. The data, however
does reveal. that excellent |ower shelf properties can be
obtained by certain wires over a substantial heat input
range. However, because of the limted eval uation sanple
size and the variable data collected, a conclusion that
given wires would consistently yield excellent [ower shelf
properties cannot be supported

8.2  OPERATOR APPEAL

For the famly of wires evaluated, overall operator appeal was found

to range between fair and good. The evaluation, which subjectively
measured attributes such as slag renoval, arc stability, weld

spatter, bead appearance and wetting, found the Lincoln NR203Ni and
NR203M wires to rank as the top conposite performers

8.3  RATE OF DEPGCSITICN

In conparative analysis with conventional SMAW | ow hydrogen, iron
powder el ectrodes, the self-shielded flux cored process was shown to
exhibit substantial deposition rate superiority. It follows that
overal | process cost effectiveness is potentially quite attractive.

8.4 ADAPTABILITY TO SHI PBU LDI NG
Al though this evaluation programwas limted in scope and did not

attempt to fully evaluate all attributes of self-shielded flux cored
wel ding, the data obtained was encouraging for certain eval uated
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9.0

wires. In spite of the specification freedomallowed in manufacturing
the E70T-4 and E70T-Gwres, certain wires were found to exhibit
excel I ent mechani cal and toughness properties and good operator
appeal. If property consistency fromwre heat to heat can be
varified, the deposition rate attractiveness of the process warrants
attenpts to inplenent certain self-shielded flux cored wires to
appropriate shipbuilding production applications.

RECOVVENDATI ONS FOR FUTURE | NVESTI GATI ONS

The sanple size of this evaluation was limted in that it dealt with
mniml. heats of wire operating under controlled variable conditions
To gain an increased data bank of nechanical and toughness proper-
ties, the follow ng evaluation additions are recommended for the nore
promsing wres:

0  Mechanical and toughness evaluation of nultiple wire heats.

0 Mechanical and toughness evaluation of nultiple paranmetric
variables such as arc length and anperage

o Field evaluation to better determ ne cost effectiveness and
operator appeal .
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Diameter

Polarity

Stick Out

KJ/IN

Amps

Volts

Travel IPM

No. of Passes

PHASE | PARAMETRIC VARIABLES TABLE 1
Airco Hobart Hobart Lincoln Lincoln‘ Lincoln
S4 Fab 8 Fab 8 Ni 302 203M 203 Ni
3/32" 3/32" 3/32" 3/32” 3/32” 3/32”
RP SP SP RP SP SP
2-3/4" 1" 7/8” 7/8" 3/4" '3/4"
34.6 34.1 345 34.8 34.1 35.2
355 310 300 380 310 320
28 22 23 26 22 22
17.5 12 12 17 12 12
16/17 20/27 24/25 18/23 21/25 21/23




PHASE OPERATOR APPEAL TABLE 2

Airco Hobart Hobart Lincoln Lincoln Lincoln
s-4 Fab 8 Fab 8 Ni 302 203M 203 Ni
Slag
Removal 4 3 4 3 4 4
Spatter 2 1 3 2 4 3
Smoke 2 1 1 1 2 2
Bead 4 2 2 2 4 3
Appearance
Bead
Contour 4 2 2 2 3 3
Arc
Stability 3 2 2 2 4 4
Soundness 2 3 3 3 4 3
Wetting 4 2 3 3 3 3
Cast,
Helix 1 2 2 2 2 2
Odor 3 3 3 3 3 3
OVERALL
RATING 2.9 2.1 25 2.3 3.3 3.0

KEY: 1.0 POOR 2.0 FAIR 3.0 GOOD 4.0 EXCELLENT




KJ/IN

Mn

S

Ni

Cr

Mo

Cu

Al

Ti

CE.

PHASE CHEMICAL RESULTS TABLE 3
Airco Hobart Hobart Lincoln Lincoln Lincoln
s-4 Fab 8 Fab 8 Ni 302 203M 203 Ni
34.6 34.1 345 34.8 34.1 35.2
221 149 .098 .097 .083 .094
374 2.254 1.234 .850 1.457 1.354
.004 .016 .010 .000 .008 .006
.070 .248 184 232 .209 .268
012 .003 1.922 .028 .013 .800
.015 .015 .015 .016 .017 .023
.030 .048 031 .046 .040 .037
.038 .014 .017 .014 .009 .009
.002 .004 .003 .005 .000 .002
.000 372 374 324 .354 .348
.002 .003 .008 .108 .005 .002
.002 .003 .003 .003 .002 .002
.29 54 .36 .25 .34 .35
Notes: & Average_ of 3 burns
E.=C+ Mn + Cr + Mo + V + Nj
6 5 4 14 40




KJ/IN

Tensile

Yield

YIT

% Elong.

% R.A.

CE.

Note: Average of 2 tests

PHASE MECHANICAL RESULTS TABLE 4

Airco Hobart Hobart Lincoln Lincoln Lincoln

s-4 Fab 8 Fab 8 Ni 302 203M 203 Ni

34.6 34.1 345 348 34.1 35.2

93,400 90,000 93,300 83,900 72,400 83,400

71,800 74,000 83,800 76,300 61,300 72,900

77 .82 .90 91 .85 .87

22 24 23 27 30 28

43 57 57 63 70 69

.29 54 .36 .25 .34 .35
=

|




KJ/IN

+100

+60

+30

O°F

-1o0

NDTT

Ccv

DT

Ccv

DT

Ccv

DT

Cv

DT

Ccv

DT

Cv

DT

Cv

DT

PHASE TOUGHNESS RESULTS TABLE 5
Airco Hobart Hobart Lincoln Lincoln Lincoln
S-4 Fab 8 Fab 8 Ni 302 203 M 203 Ni
34.6 34.1 34.5 34.8 34.1 35.2
22.2 53 49.7 53.8 119 107.8
137 342 545 307 1286 1023
10.7 36.5 41.3 447 105.3 96.5
86 320 437 140 488 559
7.7 225 35.7 29.3 95.5 86.7
75 172 354 64 234 325
5.2 21.8 25.8 23.3 89 62.7
40 122 189 53 147 163
4.3 - 18.3 19.3 54.3 47.2
31 63 139 38 100 100
3.3 10.0 9.5 8.8 315 35.0
34 70 69 40 48 58
2.2 3.0 7.5 3.8 7,2 16.3
30 45 48 40 21 41
0°F -50 -80 -20 -50 -70

Note: Average of 3 tests
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Diameter

Polarity

Stick Out

KJ/IN

Amps

volts

Travel 1PM

No. of Passes

PHASE Il PARAMETRIC VARIABLES TABLE 6

Hobart Fab 8 Ni Lincoln 302 Lincoln 203M Lincoln 203 Ni

3/32” 3/32" 3/32” 3/32”

SP RP SP SP

1 3/4” 3/4” 3/4,"
50* 65* 80* 50* 65* 80* 50* 65* 80* 50* 65* 80
330 330 330 500 500 500 300 300 300 300s 300 300
225 225 23 28 28 28 20 20 20 21 21 21
89 6.9 55 16.8 12.8 10.5 75 55 45 75 58 47
13 10 7 11 8 7 12/13 10 6 12/13 8/10 6

*Denotes common wire eat




Wire

KJ/IN

Mn

S

Ni

Cr

Mo

Cu

Al

Ti

C.E.

PHASE I CHEMICAL RESULTS TABLE 7
Hobart Lincoln Lincoln Lincoln
Fab 8 Ni 302 203M 203 Ni
65 65 65 65
101 .090 .075 .091
1.219 917 1.528 1.269
.005 .004 .002 .003
184 .280 .209 .264
2.150 .032 012 .818
.015 .018 .019 .022
.033 .044 .043 .032
.020 .013 .009 .008
.003 .005 .000 .001
372 317 .369 372
.008 115 .005 .002
.003 .003 .002 .002
37 .25 .34 .33

Notes: (1) Average of 3 tests
(2) CE.=C + Mn + Cr + Mo + V_+ Ni

6

5 7 14 40




PHASE I MECHANICAL RESULTS TABLE 8

Hobart Fab 8 Ni Lincoln 302 Lincoln 203M Lincoln 203 Ni
KJ/IN 50+  65*  80* 50«  65*  80* 50*  g5x g0 50 5+ 80
Tensile 88,700 94,300 86,300 82,700 74,100 72,200 73,900 68,300 69,700 77,400 73,900 78,400
Yield 73,700 77,600 63,000 68,900 61,100 58,800 61,700 58,100 54,100 63,700 58,700 61,700
YIT 83 .82 73 83 82 81 83 .85 78 82 .79 79
% Elong. 27 23 27 23 30 34 32 33 34 32 35 34
% RA. 63 - 61 63 67 68 75 76 77 72 73 69
C.E. 37 25 34 33

Notes: (1) Average of 2 tests
(2) * denotes common wire heat




KJ/IN

+100

+60

+30

O°F

-30

-60

-100

NDTT

Ccv
DT

Ccv
DT

Cv
DT

Cv
DT

Cv
DT

Cv
DT

CvVv
DT

PHASE Il TOUGHNESS RESULTS TABLE 9
Hobart 8 Ni Lincoln 302 Lincoln 203M Lincoln 203 Ni
50* 65* 80* 50* 65* 80* 50* 65* 80* 50*  65* 80

47.8 455 41.0
658 662 513

41.3 26.7 28.1
416 630 253

26.7 21.5 19.8
191 332 180

20.3 19.7 13.0
120 200 101

12.7 12.0 10.0
66 109 59

6.5 85 12.2

46 47 43
58 42 4.2
45 44 41
-50  -40 -60

46.5 74.0 79.0
206 570 426

23.3 52.2 61.7
138 347 312

20.3 43.0 55.3
80 189 145

14.5 36.0 43.5
52 132 113

7.3 248 350
48 83 34

52 133 288

39 59 41
40 53 7.2
32 32 24
0 -60 -50

157.0 216.3 200.7
1470 1357 1362

119.3 188.7 1133
434 1075 618

108.0 161.0 103.0
232 682 227

75.5 145.7 71.3
106 152 117

62.3 98.3 44,3
66 97 71

20.3 66.7 18.8
48 90 46

9.7 358 538
45 39 42

-50 -50 -90

112.3 123.0 90.8
1098 921 960

88.7 113.0 60.0
932 524 353

78.0 90.3 44.7
578 413 270

52.7 82.3 33.3
499 252 129

28.0 48.0 26.7
119 63 70

20.7 43.7 18.0
84 65 36

8.7 357 7.8
31 39 30

-70  -60 -60

Note: Average of 3 tests

*Denotes common wire heat
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CVN @0 °F 7.5% 180 200 220 240 260 280 300 320
KNOOP HARDNESS, 100 GR LOAD

Actual Mechanical Results KSI Hfardness Traverse Hardness Traverse of Specimen Toughness
of Macro
Tensile Yield % Elong % RA R 15T Tensile KSI KH R 15T  Tensile KSI Ft/lbs
73.9 61.7 315 74.6 87.6 | 77.2 273.7 73.3 73.6 75.5

NOTE: All Values are Averages

LINCOLN NR 203M @ 50 KJ/IN CVN KNOOP HARDNESS TRAVERSE FIG. 41
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DT@O°F 7X 180 200 220 240 260 280 300 320
KNOOP HARDNESS, 100 GR LOAD

Actual Mechanical Results KSI Hfardness Traverse Hardness Traverse of Specimen Toughness
of Macro
Tensile Yield % Elong »RA R 15T Tensile KSI KH R 15T Tensile KSI Ft/lbs
73.9 61.7 31.5 74.6 87.6 ! 77.2 237.6 87.6 77.2 106

NOTE: All Values are Averages

LINCOLN NR 203M @ 50 KJ/IN DT KNOOP HARDNESS TRAVERSE; FIG. 42




CVN@O0°F 7.5% 180 200 220 240 260 280 300 320
KNOOP HARDNESS, 100 GR LOAD

Actual Mechanical Results KSI Hfardness Traverse Hardness Traverse of Specimen Toughness
of Macro
Tensile Yield % Elong % RA R 15T Tensile KSI KH R 15T Tensile KSI Ft/lbs
68.3 58.1 32.5 75.9 86.8 73.2 251.6 89.7 87.8 145

NOTE: All Values are Averages

LINCOLN NR 203M @ 65 KJ/IN CVN KNOOp HARDNESS TRAVERSE FIG. 43
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DT@O°F 7x 180 200 220 240 260 280 300 320
KNOOP HARDNESS, 100 GR LOAD
Actual Mechanical Results KSI Hardness Traverse Hardness Traverse of Specimen Toughness
of Macro
Tensile Yield % Elong % RA R 15T , Tensile KSI KH R 15T Tensile KSI | Ft/lbs
68.3 58.1 32.5 75.9 86.8 732 | 2528 | 878 | 77.6 | 252

NOTE: All Values are Averages

LINCOLN NR 203M @ 65 KJ/IN DT KNOOP HARDNESS TRAVERSE FIG. 44
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CVN@O°F 7.5x 180 200 220 240 260 280 300 320
KNOOP HARDNESS, 100 GR LOAD
Actual Mechanical Results KSI Hfardness Traverse Hardness Traverse of Specimen Toughness
of Macro

Tensile Yield % Elong % RA R 15T Tensile KSI KH R 15T Tensile KSI Ft/lbs

69.6 54.1 34.0 76.7 87.2 | 75.2 231.6 | 89.2 84.6 71.3
NOTE: All Values are Averages

LINCOLN NR 203M @ 80 KJ/IN CVN KNOOP HARDNESS TRAVERSE FIG. 45




DT@O°F 7X 180 200 220 240 260 280 300 320
KNOOP HARDNESS, 100 GR LOAD

Actual Mechanical Results KSI Hfardness Traverse Hardness Traverse of Specimen Toughness
of Macro
Tensile Yield % Elong % RA R 15T  Tensile KSI KH R 15T Tensile KSI Ft/lbs
69.6 54.1 34.0 76.7 87.2 75.2 253.6 87.1 . 137 117

NOTE: All Values are Averages

LINCOLN NR 203M @ 80 KJ/IN DT KNOOP HARDNESS TRAVERSE FIG. 46
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CVN @0 °F 7.5x 180 200 220 240 260 280 300 320
KNOOP HARDNESS, 100 GR LOAD
Actual Mechanical Results KSI Hardness Traverse Hardness Traverse of Specimen Toughness
of Macro

Tensile Yield % Elong % RA R 15T Tensile KSI KH R 15T Tensile KSI Ft/lbs

94.3 77.6 22.5 68.8 89.4 86.2 288.9 82.3 — 19.7
NOTE: All Values are Averages

HOBART FABSHIELD 8 Ni @ 65 KJ/IN CVN KNOOP HARDNESS TRAVERSE FIG. 47




CVN @O0 °F 7.5X 180 200 220 240 260 280 300 320
KNOOP HARDNESS, 100 GR LOAD

Actual Mechanical Results KSI Hfardness Traverse Hardness Traverse of Specimen Toughness
of Macro
Tensile Yield % Elong % RA R 15T Tensile KSI KH R. 15T Tensile KSI Ft/lbs
74.1 61.1 29.5 67.4 87.2 75.2 248.8 88.1 | 78.6 36.0

NOTE: All Values are Averages

LINCOLN NR302 @ 65 KN/IN CVN knoop HARDNESs TRAVERSE FIG. 48
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CVN @O °F 7.5x 180 200 220 240 260 280 300 320
KNOOP HARDNESS, 100 GR LOAD
Actual Mechanical Results KSI Hfardness Traverse Hardness Traverse of Specimen Toughness
of Macro
Tensile Yield % Elong % RA R 15T Tensile KSI KH R 15T Tensile KSI Ft/lbs
738 | 587 | 350 | 725 89.0 83.0 271.0 89.5 87.0 82,3

NOTE: All Values are Averages

LINCOLN NR 203 Ni @ 65 KJ/IN CVN KNOOP HARDNESS TRAVERSE FIG. 49




TYPICAL MICROSTRUCTURE Of THE HEATING & COOLING EFFECTS OF MULTIPASS WELDING FIG. 50
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